In this work, the effect of the electrodes separation on plasma parameters and morphology properties for coated glass samples by silver metal using low voltage DC discharge plasma sputtering source. At fixed argon gas pressure 0.2 mbar and discharge currents I d (20,30,40,50 and 60)mA, for different electrodes separation d (3,4,4.5,5,6)cm was studied. The plasma sputtering source consists of a cylindrical chamber including two circular electrodes made from stainless steel. The cathode electrode is carrying the silver metal as a target and permanent magnet, while a glass sample coater is placed on the anode electrode. The plasma parameters: temperature of electron(T e ) and ion density(n i ) were determined by using cylindrical single Langmuir probe. Also, the surface morphology for the coater samples were studied by atomic force microscope (AFM). The results of this work shown that a linear increases in ions density and an exponential decreasing in electron temperature for different electrodes separation. Furthermore, the relationship between the average grain diameter and average grain height as a function of electrodes separation are nonlinear. The minimum average grain diameter is (90 nm) at d=4 cm for I d =40 mA and minimum average grain height is (5.5 nm) at the same electrodes separation and discharge current. When the temperature of electron increased, the values of average grain diameter increased while the values of average grain height decreased.
1-Introduction
Cold plasma technologies have found a widely field used in different applications such as, in material processing, manufacture of thin film material, medicine and industrial process [1] [2] [3] [4] [5] .
The magnetic field is widely used which caused enhancement of some attractive features for discharge in plasma source [6, 7] .
Sputtering process is one of the most common ways to fabricate thin films, nanostractured, coating and nanoparticle of various materials [8, 9] .
The basic process for production particles as follows: A target (cathode) of material desired to be deposited, is bombarded with energetic ions. Then, the target atoms are ejected into the space and travel some distance until they reach the substrate and formed a thin layer.
In magnetron sputtering a higher plasma density and deposition rates can be achieved by using a magnetic field which confines the motion of secondary electrons near the cathode surface (target). Furthermore, an applied of magnetic field is caused for enhancing the efficiency and quality of deposited films at lower inert gas pressure [10, 11, 12] .
Generally, a DC power supply is usually used to sputter conducting target, while RF power supply is required for insulator or semiconductor target [13, 14] .
In the present work, different electrodes separations for planar DC magnetron plasma coater low voltages were investigated to determine the effects of this variation on the electrical characteristics discharge, plasma diagnostics and the morphology of silver coater on glass substrate by using a constant argon inert gas pressure.
2-Experimental setup
Fig .(1) shows a schematic diagram of the experimental setup. The cylindrical discharge chamber is a Borosilicate glass tube of 127 mm length and 165 mm diameter. Two parallel, circular electrodes made of stainless steel are enclosed in the discharge chamber. The anode (stage of substrate) is made of stainless steel with a diameter 50 mm and the cathode of silver with a diameter 57 mm and 0.1 mm thick as a target according to the sputtering purposes. A permanent cylindrical magnet is placed in the center of cathode electrode to produce the magnetic field. The discharge chamber is evacuated to a base pressure of 1x10 -2 mbar by using two-stage rotary pump. The argon working pressure is fixed of 0.2 mbar. A vacuum gauge (Pirani gauge) is connected to the chamber for measuring the inside gas pressure. The DCpower supply is used for discharging argon gas varied between (0-800)volt and (0-100)mA. A single cylindrical Langmuir probe made of tungsten wire of 0.5 mm diameter, and 8 mm length is used to characterize the plasma parameters. The probe is positioned perpendicular to the electric field near the cathode (target) of 15 mm. The DC power supply varied between (0-450)volt and (0-150)m A is used in the probe circuit as a positive and negative bias voltage for probe. Using Hall probe (Alpha lab Inc./USA) to measured Magnetic flux for radial distance from the edge to edge for cathode passing through the center of the magnet, and for axial distance between cathode and anode electrodes.
The surface morphology information collected by using AFM(AA2000, Angstrom Advanced Inc./USA). 
3-2 Effect of electrodes separation on I-V characteristic of DC discharge
The variation of discharge current (sputtering current) on cathode electrode, I d , with applied cathode DC voltage V c of discharge tube for different electrodes separation (3,4,4.5,5 and 6) cm at fixed argon gas pressure P(0.2 mbar) with silver target are shown in Fig.(3) . It is shown that as the discharge current increases, the cathode voltage increased with increasing the separation between electrodes. Furthermore, the effects of increased electrodes separation are clear on increased cathode voltage.
On the other hand, the same behaviors were obtained for electron current (current which is measuring at anode electrode), I a , as a function of discharge current is shown in Fig.(4) . 
3-3 Effect of electrodes separation on plasma parameters
Knowing the plasma parameters such as, electron temperature and plasma density nearby the cathode sheath is very important to describe the behaviors of DC magnetron coater [5] . Also, these parameters are effected on the positive ion flux towards the surface and the morphology of the growing films. In this work, a cylindrical Langmuir probe is used to determine temperature of electron and ion density (see Fig.(1) ). Langmuir probe I-V characteristics are measured for different separation of electrodes at fixed argon gas pressure, as shown in Fig.(5) .
It is noticed from Fig.(5) that when the probe is negatively biased all electrons are repelled and the ions are accelerated to the probe, and it is a nearly constant value, called the ion saturation current. As the applied voltage is increased most high energy electrons are able to travel down the potential gradient to be collected by the probe which acts as electron retarding regime. The temperature of electron T e are calculated from the inverse slope of the logarithmic plot of the electron retarding regime as shown in Fig.( Where I P is the probe current, V P is the probe voltage, k B is Boltzmann's constant and e is electron charge. Fig.(7) shows the temperature of electron as a function of electrode separation d at fixed argon pressure 0.2 mbar using silver target .As the electrode separation increases, more collisions occur, the kinetic energy loss through electron inelastic collisions with atom increases, thus the electron temperature decreases .
Another plasma parameter, ion density n i , can be calculated corresponding to orbital motion limit theory (OML) [15] Where I i is the ion current, A P is the probe area and m i is the mass of ion. By plotting a line fit for the square ion current as a function of probe voltage, the slope from this figure is used to calculate the ion density for different electrodes separation by using equation (3)
Where, ⁄ and m i is the ion mass.
The ion densities as a function of electrodes separation are shown in Fig.(8) . It is noticed that the density of ions are increased as increased the electrodes separation. This behavior are due to increasing the probability of collisions which causes increasing the ionization of gas atoms by confinement electrons and obtaining a high sputtering rate of target atoms. Silver nanoparticles are widely used in surface coating and material sciences due to their high conductivity and chemical inertness. DC magnetron sputtering has long been used to fabricate nanostructured coating, thin films and nanoparticles of various materials [16] .
In this work, the formation of Ag nanoparticles on the glass substrate are investigated using DC magnetron sputtering Fig.(1) under different values of electrodes separation and sputtering currents.
To study the dependence of morphological properties for silver deposition on electrode distances using the atomic force microscope (AFM), a series of Ag sputtering particles on the glass substrate were prepared at a constant deposition time of 30 s with different values of sputtering currents.
The surface morphologies of (20,30,40,50 and 60) mA sputtering currents, I d , for different electrodes separation d (3,4,4.5,5 and 6)cm are shown in Fig.(9) . These images clearly show the nanostructured nature of Ag deposited and how it is changed with current and distance values. As one can see in Fig.(10) and Fig.(11) , the increase of electrodes separation value caused the increases and decreases in the values of grain diameter and height. This is due to the changes of plasma parameters. In Tables (1) and (2) shows the maximum and minimum grain diameter and height at I d =40 mA. From Table (1) the reason for these different values of grain diameter is due to the changes of plasma parameters. The temperature of electron at a maximum grain diameter is slightly greater than the temperature of electron at a minimum grain diameter. Also, it is notice that there are two minimum grain diameter at d=5 cm and 6 cm. In Table ( 2) the temperature of electron at a minimum grain height is slightly greater than at maximum.
4-Conclusions 1-The relation between cathode voltage and
anode current as a function of discharge current is directly proportional. 2-By using of DC plasma sputtering techniques, the choice of suitable operational parameters can produce a coater sample with grain of required size and other morphology properties. 3-For different discharge current, the relation of grain diameter and grain height as a function of electrodes separation is nonlinear. 4-The relation between temperature of electron and electrodes separation is inversely proportional, while the density of ions and electrodes separation is directly proportional. 5-As the temperature of electron increased, the values of grain diameter is increased while the grain height decreased.
6-For all sputtering current, the minimum grain height at d=4 cm and the maximum grain height at d=5 cm. 
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